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ABSTRACT
This study aimed to evaluate the effect of greenhouse heights on a crop of chives. Tests were conducted in 
three greenhouses that had the same dimensions, but with different channel heights of 2; 2.5 and 3 m, located 
in Carmen de Viboral, Antioquia (6º05’09”N and 75º20’19”W, 2.150 m a.s.l.). Temperature and relative 
humidity measurements were taken every 30 min for 3 years, and the crop production was assessed. A 
multiple linear regression, colinearity analysis, and analysis of heteroscedasticity were carried out to determine 
the climatic variations caused by the differences in height of the greenhouses and to determine differences 
in the production levels. For the statistical analysis, SPSS was used. The results indicated that, under the 
studied conditions, the greenhouse height directly affected the internal weather condition; specifically, a 1 
m reduction in the minimum height of the channel (from 3 to 2 m) resulted in an increase of the minimum, 
average and maximum temperatures of 0.37, 1.4 and 3.56°C, respectively, and, consequently, the chives crop 
yields had a 4.78% higher fresh weight, with a confidence level of 95%.
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RESUMEN 
El objetivo del estudio fue evaluar la incidencia de la altura del invernadero sobre la producción en un cultivo 
de cebollín. Los ensayos se realizaron en tres invernaderos de iguales dimensiones, variando solamente su 
altura de canal de 2; 2,5 m y 3 m respectivamente, ubicados en el Carmen de Viboral, Antioquia (6º05’09”N 
y 75º20’19”W, 2.150 msnm). Se realizaron mediciones de temperatura y humedad relativa cada 30 min por 3 
años, durante los cuales se evaluó la producción del cultivo. Se realizaron análisis de regresión lineal múltiple, 
análisis de colinealidad y análisis de heterocedasticidad para determinar las variaciones climáticas causadas 
por la diferencia de altura entre los invernaderos y para determinar las diferencias en los niveles de producción. 
Se utilizó el software SPSS para el análisis estadístico. Los resultados indican que para las condiciones del es-
tudio, la altura del invernadero afecta directamente las condiciones climáticas internas, donde una reducción 
de 1 m de altura de canal (pasando de 3 a 2 m) genera un incremento de las temperaturas mínima, promedio 
y máxima de 0,37; 1,42 y 3,56°C respectivamente, así como un rendimiento superior en 4,78% en peso, con 
niveles de confiabilidad de 95%
Plants that are from the same genotype, but 
planted under different weather conditions may 
have different development stages as a result of 
the biological life cycle, which changes with the 
genotype and climatic factors at the end of the 
same chronological time. Biological events are 
used as indicators for the presence or absence of 
certain environmental factors to draw certain 
conclusions or make predictions about plant re-
sponses (Brueckner and Perner, 2006; Dahlgren 
et al., 2007). Changes in the environment exert 
different pressures on plants and influence the 
development of each species, resulting in various 
forms of growth, which could be interpreted as 
different paths that plants have followed to adapt 
to a particular environment (Sherry et al., 2007). 
The development rate in crops, defined as a pro-
gressive sequence of distinct morphological and 
physiological states, is influenced by thermal 
energy, the main environmental factor (Sadras 
et al., 2000; Lambers et al., 2008). The growth 
evolution, transport of assimilates, evolution of 
the fundamental metabolic processes, leaf ex-
pansion dynamics and biomass partition factors 
can be modified by environmental conditions 
(Salisbury and Ross, 2000). The sensitivity of the 
plant to ecophysiological factors depends on the 
species (genotype) and its developmental stage 
(Fischer and Melgarejo, 2014). It is very difficult 
to discuss the influence of the climate because 
of its combination with many different factors 
that are constantly changing during the growth 
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Figure 1. Dimensions of the gates of the top rear of the three greenhouses.
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cycle of a crop, not only with each varying fac-
tor, but also with the dynamics of all of the fac-
tors (Fischer and Orduz-Rodríguez, 2012).
Chives (Allium schoenoprasum L.) is an aromatic 
herb with a perennial growth habit and many 
self-renewal cycles in the vegetative structures 
with bulbils (Delahaut and Newenhouse, 2003; 
Abello et al., 2006; Whittinghill et al., 2013). The 
leaves are longer than 7 cm with a delicate aroma 
and are used in fresh consumption, improving 
the taste of different meals (Bernal et al., 2008; 
Maročkiene et al., 2013). Chives is highly adapted 
to the cold climates of tropical South America, at 
altitudes between 2,000 and 2,800 m, and grows 
favorably in greenhouses (Clavijo, 2006; Barreño, 
2006).
Weather is a determining factor in the growth of 
plants and their response to these factors depends 
on the variety and physiological state (Quintero 
and Acuña, 2014). Greenhouses are used to mod-
ify weather conditions, protect crops, and in-
crease production and quality (González, 2009) 
through the appropriate selection of a film cover, 
changes in geometry, and ventilation area, using 
the combined action of wind and buoyancy forc-
es (Roy et al., 2002; Pinzón et al., 2013).
This paper aims to show that, by changing the 
height of a greenhouse, different climatic condi-
tions are generated, providing the most appro-
priate greenhouse height for growing chives in 
tropical mountains.
MATERIALS AND METHODS
Three metal multi-tunnel greenhouses, 1,523 
m2, were placed in Carmen de Viboral, An-
tioquia (6º05’09” N and 75º20’19” W, 2,150 m 
a.s.l.). Each greenhouse had 33 raised beds, 1 m 
wide by 25 m long, with a distribution of 11 beds 
for a mint crop, 11 beds for chives and 11 beds 
for an oregano crop. All of the greenhouses had 
the same dimensions and roof slopes; only the 
channel height at the end of greenhouses was 
changed: 2 m, 2.5 m and 3 m (figure 1).
The structures had 1/8” galvanized longitudinal 
and transverse cables that were anchored to the 
ground, creating four 6.8 × 56 m bays with 4 m 
columns. Screens are distributed around the pe-
rimeter, two side screens (1.2 m × 54 m) and two 
front screens (1.2 m × 25.2 m), operated manu-
ally, which were opened at 6 a.m. and closed at 4 
p.m. (figure 2).
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The production was monitored in the three 
greenhouses and measurements of the weather 
conditions outside the greenhouses were taken 
over a period of 3 years, starting on January 5, 
2012. 
A baseline irrigation, fertilization and spray-
ing program was implemented, so that the 
overall handling of the three crops in these 
areas was a constant factor in this study. The 
spraying was carried out based on the moni-
toring taken in the field, with indications and 
preventive (not shock) dosages in order to not 
alter the product. The crop work and weeding 
were done every 2 weeks; hoeing was done ev-
ery 3 months.
The temperature and relative humidity were an-
alyzed in the greenhouses throughout the study, 
from January 5, 2012 to January 21, 2015. Dur-
ing this period, two full cycles of chives (12 cuts 
per cycle) and the first four cuts of the third cycle 
were measured, for a total of 308 pieces of data 
for the greenhouse production.
The data were subjected to a multiple linear re-
gression to study the relationship between the 
two studied variables (temperature and humid-
ity) with the response variable (production). A 
colinearity analysis was used to study the re-
lationship between the two independent vari-
ables (temperature and relative humidity), which 
helped interpret the data obtained from the lin-
ear regression and analysis of heteroscedasticity, 
verifying that the variance of the input distur-
bance variables was not constant. For the statis-
tical analysis, SPSS was used. 
ANALYSIS AND DISCUSSION  
OF RESULTS
Chives production data 
Table 1 shows the summarized total production 
of cut leaves, obtained per cycle and per green-
house. It indicates that the highest production 
took place in the 2 m-high-greenhouse, with 
11,013.44 kg of chives produced; this greenhouse 
had a minimum channel height of 2 m. While for 
greenhouse 1 and greenhouse 2, the production 
did not differ by more than 1.15%, but compar-
ing greenhouse 1 with greenhouse 3 showed a 
difference in production of 5.01%.
Figure 2. Section of the isometric drawing of greenhouse 3 and dimensions of the front and lateral ventilation 
areas.
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Chives production (kg) Greenhouse 1 (3.0 m height)
Greenhouse 2 
(2.5 m height)
Greenhouse 3 
(2.0 m height)
Cycle 1 4,764.55 4,97.13 5,036.62
Cycle 2 4,840.47 4,809.89 5,027.74
Total (kg) 9,605.02 9,707.02 10,064.36
Table 1.  Total chives production per cycle and per greenhouse.
The results clearly state that the best chives pro-
duction took place in the low-high greenhouse. 
Similar results were found by Roy et al. (2002), 
who observed that differences between green-
houses resulted from heat lost in ventilation, pro-
viding different climate conditions for the crops. 
The cultivation of chives has a production cycle 
of 15 months; this study lasted 3 years, so the 
production data came from a total of 28 cuts for 
the cycles mentioned above.
Statistical analysis
Linear regression of the chives crop data
The regression analysis of the chives was done 
depending on the temperature and relative hu-
midity as a first step for statistically evaluating 
the influence of these variables on the response 
variable, which was the production weight (kg).
The input variables included temperature and 
relative humidity in the regression model, and 
the dependent variable was fresh weight (kg).
Once the variables were introduced into the regres-
sion process with SPSS (Pardo and Ruiz. 2005), the 
results shown in table 2 were obtained (table 2).
The data showed the existence of a global linear 
association between the independent variables 
and the response variable because R2 was differ-
ent from 0 in the three greenhouses. Its magni-
tude suggests that the percentage explained of 
the variations in the response variable was given 
by the variations of the independent variables 
(Kleinbaum et al., 1988). 
For instance, in the case of the 2nd greenhouse, 
the model says that the joint variation of the 
Tmean and HRmean was explained by 10.2% 
the variations in the obtained fresh weight. The 
statistical DW for the 3 cases was lower than 2, 
indicating that there was a negative autocorrela-
tion between the predicting variables. This co-
incides with the normal behavior of these two 
variables, where one has higher temperature and 
lower relative humidity and vice versa.
In order to determine if the regression model 
was valid globally, an Anova variance analy-
sis (table 3) was performed to jointly verify the 
explanatory variables or predictors (RH and T), 
which provide information explaining the re-
sponse or dependent variable (fresh weight). A 
similar answer was obtained in lettuce (Lactuca 
sativa) under two different greenhouse films by 
Bautista-Torres et al. (2014).
The null hypothesis in this case was that the 
predictor variables were not linearly related to 
the dependent variable. For this, the value of 
the F statistic was compared with the critical 
value given by the degrees of freedom of the 
table and a significance level by 5%. The criti-
cal value and the comparison were calculated 
internally with the software, expressing the Sig 
value with a value equal to 0.000. This value 
indicates that, with a significance level by 5%, 
there was certainly a significant linear relation-
ship between the crop production (measured in 
kilogram of fresh weight) and the relative hu-
midity and temperature variables of each of the 
greenhouses. After verifying the validity of the 
model, we proceeded to calculate the regression 
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Table 2.  Linear regression model summaryb.
Greenhouse R R square Adjusted R square
Std. error of the 
estimate Durbin-Watson
1 (3 m height) .306a 0.094 0.088 15.548 0.051
2 (2.5 m height) .320a 0.102 0.096 15.632 0.068
3 (2 m height) .311a 0.096 0.091 15.999 0.076
a Variables predictors: (constant), Tmean_L1, HRmean_L1. 
b Dependent variable: fresh weight (kg).
Greenhouse  Sum of squares df Mean square F Sig.
1
 
 
Regression 7632.08 2 3816.04 15.79 .000 2
Residual 73729.94 305 241.74   
Total 81362.02 307    
2
Regression 8480.34 2 4240.17
Residual 74528.09 305 244.35 17.35 .000 2
Total 83008.44 307  
3
Regression 8337.51 2 4168.75
Residual 78070.61 305 255.97 16.29 .000 2
Total 86408.11 307  
1 Dependent variable: fresh weight (kg). 
2 Variables predictors: (constant), Tmean_L1, HRmean_L1.
Table 3.  Analysis of variance1 (Anova).
 Fresh weight (kg) = -472.36 + HRmean 7,889 * - 9,928 * Tmean  (1)
Fresh weight (kg) = -615.77 + 9.49 * HRmean - 9.43 * Tmean (2)
coefficients, as shown in table 4.
The t test values and their level of significance 
( Sig.) are used to compare the null hypothesis 
with the respective regression coefficients take 
a zero value. According to the results, the null 
hypothesis is rejected in all cases, that is, all of 
the obtained coefficients were relevant to the 
regression equation. Meanwhile, the values  of 
statistical collinearity showed that this charac-
teristic did not affect the validity of the model 
since any values  higher than 10 are obtained in 
the variance inflation factor-VIF (Kleinbaum et 
al., 1988).
The following chives crop regression equations 
were used to forecast the production value ac-
cording to variations in the temperature and rela-
tive humidity for each greenhouse:
The linear regression procedure comes from the 
Greenhouse 1 equation:
Greenhouse 2 equation:
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Table 4.  Linear regression model-coefficients 1.
Greenhouse Variables
Unstandardized 
coefficients
Standardized 
coefficients t Sig.
Collinearity statistics
B Std. error Beta Tolerance VIF
1
(constant) -472.36 677.487  -0.69 0.486   
HRmean 7.889 6.915 0.131 1.141 0.255 0.224 4.455
Tmean -9.928 6.196 -0.184 -1.60 0.11 0.224 4.455
2
(constant) -615.77 681.14  -0.90 0.37   
HRmean 9.49 6.95 0.16 1.37 0.17 0.22 4.46
Tmean -9.43 6.23 -0.17 -1.51 0.13 0.22 4.46
3
(constant) -441.32 697.14  -0.63 0.53   
HRmean 7.72 7.12 0.13 1.09 0.28 0.22 4.46
Tmean -10.84 6.38 -0.20 -1.70 0.09 0.22 4.46
1 Dependent variable: fresh weight (kg).
Fresh weight (kg) = -441.32 + 7.72 * HRmean - 10.84 * Tmean  (3)
assumptions of normality and homoscedastic-
ity of residue, i.e. the behavior of the differences 
between the equation predicted values and the 
actual value follows the normal distribution. In 
order to evaluate this, the normal probability of 
curves shown in figure 3 is devised:
As shown in the charts, in all three cases, there 
was a tendency of the point cloud to align to 
the diagonal line on the graph, which indicates 
that the normality assumption in the data is 
true. 
Regression collinearity analysis  
of the chives crop data
The collinearity analysis helped to confirm if 
there was high ratio of dependent or predictor 
variables. This happened because of the inverse 
relationship between temperature and relative 
humidity under normal conditions. In order to 
verify statistically, a collinearity test is done, 
which results are shown in table 5.
The three methods of Pardo and Ruiz (2005) to 
interpret the above table to determine the pres-
ence of collinearity are as follows:
• When most of the eigenvalues  are close to zero.
• When the condition indexes are greater than 30.
• For higher indexes, when two or more factors 
have a larger proportion to the variance.
These three conditions are met for all greenhous-
es, meaning that it is confirmed that the data ob-
tained from measurements stored are consistent 
with the normal behavior of these two variables. 
Correlations of the chives crop data
For the assumption of normality in the data 
(n=308), at the beginning, a Pearson correlation 
(table 6) was done, which was performed when 
the data followed a normal distribution. Addi-
tionally, two additional correlations were used, 
Greenhouse 3 equation:
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Greenhouse Dimension Eigenvalue Condition index
Variance proportion
(constant) HRmean_L1 Tmean_L1
1
1 3 1 0 0 0
2 0 106.068 0 0 0.19
3 9.69E-07 1759.752 1 1 0.81
2
1 3 1 0 0 0
2 0 106.068 0 0 0.19
3 9.69E-07 1759.752 1 1 0.81
3
1 3 1 0 0 0
2 0 106.068 0 0 0.19
3 9.687E-07 1759.752 1 1 0.81
1 Dependent variable: fresh weight (kg).
Table 5.  Collinearity diagnostics 1.
the Kendall Tau_b (table 7) and the Spearman 
Tau_b (table 8), which are used as alternatives to 
Pearson, when the studied variables violate the 
assumption of normality. 
By analyzing the signs of the three correlation coef-
ficients, it was shown that in all cases a significant 
negative correlation between the relative humidity 
and the fresh weight of the crop occurred. Simi-
larly, regarding the temperature, there was a sig-
nificant negative correlation between the relative 
humidity and the fresh weight. This is consistent 
with the production results obtained in the three 
greenhouses, where greenhouse 3, which was the 
warmest, had the highest production levels, and in 
turn, greenhouse 1, which was the coldest, had the 
lowest yields. It is worth noting that the strongest 
coefficient was the one from the reverse correlation 
between temperature and relative humidity, which 
is explained by the strong inverse relationship of 
these variables.
Since temperature influences more than the tis-
sue growth of plants, it is possible that this com-
bination of a higher temperature and a lower rel-
ative humidity in the 2 m-high-greenhouse had 
the most favorable influence on the production 
cycle of the chives leaves (Salisbury and Ross, 
2000). Chives production has a range between 
15 to 25oC (Villamizar, 2003). An increase in the 
optimum crop temperature range favors quicker 
physiological processes because of an increase 
in the kinetic energy of the enzymatic systems 
(Fischer and Orduz-Rodríguez, 2012).
Heteroscedasticity analysis 
After statistically checking the influence of the 
relative humidity and temperature in the pro-
duction of each culture for each greenhouse, an 
analysis of the behavior of the variation in both 
climate variables between the three greenhous-
es was done regardless of the response variable. 
This led to the conclusion of a statistical pres-
ence of different microclimates among the three 
evaluated greenhouses.
In order to do that, an analysis of variance 
(n=113) of two variables evaluating the behav-
ior of their minimum, maximum and average in 
both cases was made, so that the analysis goes 
from two to six variables (table 9).
In all cases, the standard deviation was similar 
among the analyzed variables, so this implies 
that the data have a similar variation with re-
spect to its mean value. In the three greenhouses, 
the temperature had a similar behavior in the 
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Greenhouse Variable Parameter Fresh weight (kg) HRmean (%) Tmean (°C)
Greenhouse 1
Fresh weight 
(kg)
Pearson correlation
Sig. (2-tailed)
1 
.294** -.300**
0.000 0.000
HRmean 
(%)
Pearson correlation
Sig. (2-tailed)
.294**
1 
-.881**
0.000 0
Tmean 
(°C)
Pearson correlation
Sig. (2-tailed)
-.300** -.881**
1 
0.000 0.000
Greenhouse 2
Fresh weight
(kg)
Pearson correlation
Sig. (2-tailed)
1 
.309** -.311**
0.000 0.000
HRmean
(%)
Pearson correlation
Sig. (2-tailed)
.309**
1 
-.881**
0.000 0.000
Tmean
(°C)
Pearson correlation
Sig. (2-tailed)
-.311** -.881**
1 
0.000 0.000
Greenhouse 3
Fresh weight
(kg)
Pearson correlation
Sig. (2-tailed)
1 
.297** -.305**
0.000 0.000
HRmean
(%)
Pearson correlation
Sig. (2-tailed)
.297**
1 
-.881**
0.000 0.000
Tmean
(°C)
Pearson correlation
Sig. (2-tailed)
-.305** -.881**
1 
0.000 0.000
Table 6.  Pearson´ s correlation results 1.
1 n=308.     
** Correlation is significant at the 0.01 level (2-tailed).
Table 7.  Kendall’s tau-b correlation results 1.
Greenhouse Variable Parameter Fresh weight (kg) HRmean (%) Tmean (°C)
1
Fresh weight
(kg)
Correlation coefficient
Sig. (2-tailed)
1
.
.218** -.221**
0.000 0.000
HRmean
(%)
Correlation coefficient
Sig. (2-tailed)
-.218** 1
.
-.680**
0.000 0
Tmean
(°C)
Correlation coefficient
Sig. (2-tailed)
+.221** -.680** 1
.0.000 0.000
2
Fresh weight
(kg)
Correlation coefficient
Sig. (2-tailed)
1
.
.234** -.238**
0.000 0.000
HRmean
(%)
Correlation coefficient
Sig. (2-tailed)
-.234** 1
.
-.680**
0.000 0.000
Tmean
(°C)
Correlation coefficient
Sig. (2-tailed)
+.238** -.680** 1
.0.000 0.000
3
Fresh weight
(kg)
Correlation coefficient
Sig. (2-tailed)
1
.
.217** -.219**
0.000 0.000
HRmean
(%)
Correlation coefficient
Sig. (2-tailed)
-.217** 1
.
-.680**
0.000 0.000
Tmean Correlation coefficient +.219** -.680** 1
.(°C) Sig. (2-tailed) 0.000 0.000
1 n=308.     
** Correlation is significant at the 0.01 level (2-tailed).
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Greenhouse Variable Parameter Fresh weight (kg) HRmean (%) Tmean (°C)
1
Fresh weight
(kg)
Correlation coefficient
Sig. (2-tailed)
1
.
.338** -.308**
0.000 0.000
HRmean
(%)
Correlation coefficient
Sig. (2-tailed)
-.338** 1
.
-.861**
0.000 0
Tmean
(°C)
Correlation coefficient
Sig. (2-tailed)
+.308** -.861** 1
.0.000 0.000
2
Fresh weight
(kg)
Correlation coefficient
Sig. (2-tailed)
1
.
.367** -.327**
0.000 0.000
HRmean
(%)
Correlation coefficient
Sig. (2-tailed)
-.367** 1
.
-.861**
0.000 0.000
Tmean
(°C)
Correlation coefficient
Sig. (2-tailed)
+.327** -.861** 1
.0.000 0.000
3
Fresh weight
(kg)
Correlation coefficient
Sig. (2-tailed)
1
.
.323** -.306**
0.000 0.000
HRmean
(%)
Correlation coefficient
Sig. (2-tailed)
-.323** 1
.
-.861**
0.000 0.000
Tmean
(°C)
Correlation coefficient
Sig. (2-tailed)
+.306** -.861** 1
.0.000 0.000
Table 8.  Spearman´ s correlation results 1.
1 n=308.     
** Correlation is significant at the 0.01 level (2-tailed).
order of values. In all three cases, the coldest 
greenhouse was greenhouse 1 and the warmest 
was greenhouse 3. Comparing the mean of the 
minimum temperatures, the difference between 
these two greenhouses was 0.37°C; while the 
difference between greenhouse 2 was 0.29°C. 
For the mean of the average temperatures, the 
difference between greenhouse 1 and greenhouse 
3 was 1.42 and 1.13°C between greenhouse 2 and 
greenhouse 3. Finally, the difference between the 
mean maximum temperatures was 3.56°C for 
greenhouse 1 and greenhouse 3; and 3.21°C be-
tween greenhouse 2 and greenhouse 3.
As for the relative humidity variables, in the 
minimum and average variables, there was an 
opposite behavior, which was expected because 
of the negative correlation that occurred between 
these two variables. The greenhouse with the 
lowest average and minimum relative humidity 
was greenhouse 3, and the one with the high-
est values  was greenhouse 1, with differences 
of 6.9% in the mean of the minimum variable 
and 2.96% in the mean of the averages. The dif-
ferences between greenhouse 3 and greenhouse 
2 were 5.23% and 2.10%, respectively. With re-
spect to the maximum variables, no significant 
differences were found because there is a clear 
tendency for values  very close to 100% almost 
every day in the morning, both outside and in-
side the greenhouses.
To confirm that the differences between the 
descriptions were meaningful, an ANOVA vari-
ance analysis was done (table 10), starting from 
the null hypothesis that the mean of each of 
the variables was the same for the three green-
houses. 
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